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Abstract 
This paper deals with the design and simulation of mixing scheme for remote system operation connected 
through long coaxial cable.  The remote system requires mixing of DC, high power AC and high speed data, which 
enables a cost effective interconnections through a single coaxial cable.  Two schemes are proposed for the mixing, 
one with a relay based switching, in which the high power AC is in short pulsed form and other with passive filters.  
Simulation study using Multisim and Matlab was carried out for both the schemes.  A comparison of these two 
schemes is also discussed. 
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1. Introduction 
Under water and marine application require the operation of remote systems connected to the onboard 
platform using a single coaxial cable.  This is a common requirement in sonars and remotely operated vehicles (ROV).  
The remote system requires DC supply, pulsed high power AC transmission and high speed data communication 
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through the same coaxial cable.  Separate cables for each signal are not cost effective and pauses a multiplicity of 
engineering challenges in implementation 1.  So a proper mixing scheme of all the three is required to effectively 
operate the remote system.   
 
Two schemes namely Passive Filter based mixing and Relay based mixing are used to implement the mixing 
scheme.  The data transmitted at one end of the cable and received from the other end is filtered using a band pass 
filter2. The power line communication networks use such filtering schemes1 to filter or inject the signals on to the 
transmission lines.  In this paper, the communication signals, AC power and DC supply located at different frequency 
bands are injected to the coaxial cable.  The pulsed high power AC is in 1 to 10 kHz range, which is well separated in 
frequencies from the data communication signals in the cable.  For injecting and retrieving all three frequencies, proper 
filters are used thereby enabling interoperation of all signals in same cable.  High power AC and high voltage DC are 
supplied from onboard system to the remote system, whereas the data communication signal can be in either direction. 
 
The major challenges in the mixing schemes are the coexistence of low voltage communication and telemetry 
systems along with the high voltage DC supply and high power pulsed AC.  Adequate protection and isolation are 
necessary for successful mixing. 
 
A brief introduction about the filter types and realization are discussed in Section II. Section III describes the 
design and simulation of the mixing schemes using passive filters and Section IV explains the mixing scheme with 
relay based switching. Current and voltage through each branch in the mixing circuit is analyzed. A Fast Fourier 
Transform (FFT) based signal analysis is carried out to assess the signal component of each of the filter output.  Finally 
a comparison of both schemes is discussed in section V. 
2. Mixing Schemes 
In Passive Filter based mixing scheme, for filtering the high speed data at the onboard system, band pass 
configuration is used.  The pass band frequency is in between 1MHz and 30MHz.   To filter the high power AC signal 
from the coaxial cable at the remote system, another band pass filter is required, the pass band frequency of which is 
in between 1 KHz and 10 KHz.  The DC for the operation of remote system is filtering out at the remote unit is realized 
using a low pass filter with a cut off frequency of less than 1Hz.  The block diagram of the mixing schemes of DC, 
high power AC and high speed data is shown in the Figure 1.   
 
In the case of Relay based mixing scheme, when the high power pulsed AC is not transmitting, relay connects 
DC power and communication signals to coaxial cable.  When pulsed AC is present, DC power is switched off from 
onboard causing relay to switch to high voltage AC path. 
 
Figure 1: Block diagram of the mixing scheme 
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3. Design of Passive Filter based mixing scheme 
The block diagram of the mixing scheme with passive filters is as shown in Figure 2.  The filter design and 
its analysis have carried out using the Multisim software. In this scheme, the DC, high power AC and high speed data 
communication signal are mixed using band pass filter and low pass filter. The filters are required at both remote and 
on-board systems.  Here proper filter to be employed to isolate high power AC and DC signals.  A band-pass filter 
configuration to filter the high speed data from the cable is simulated.  The lower cut of frequency for the designed 
filter is 1MHz and upper cut off frequency is 30MHz. 
 
 
Figure 2: Block diagram of the filters 
The high power pulsed AC has to be filtered from the cable at the remote system with lower and upper cut 
off frequency is 1 KHz and 10 KHz respectively. This DC power has to be filtered out using a low pass filter with cut 
off frequency of 160 mHz. 
3.1. Simulation study using Matlab 
The Matlab simulation of mixing scheme with passive filters is shown in Figure 3.  Here left side is the on-
board system and right side is the remote system.  The high speed data from the remote system is sent to the coaxial 
cable through the band pass filter.  The high power AC and DC at the on-board unit is sent to the remote unit through 
the coaxial cable using band pass and low pass filters.   
3.2. Analysis of the Frequency spectrum at onboard system 
The frequency spectrum at each of the filter output was computed using Matlab. The attenuation level of the 
high speed data communication signal at the output of band pass filter for high power AC is -122dB.  Similarly the 
Attenuation of high power signal at the output of band pass filter for high speed data is –118dB.  At the low pass filter 
output (DC filtering) the attenuation of the high power AC and high speed data’s are -35dB and -66dB. 
3.3. Analysis of the Frequency spectrum at remote system 
The attenuation level of the high speed data signal at the output of band pass filter for high power AC is -
44dB.  Similarly the Attenuation of high power signal at the output of band pass filter for high speed data is -107dB. 
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At the low pass filter output (DC filtering) the attenuation of the high power AC and high speed data’s are -66dB and 
-16.8dB. 
 
Figure 3: Mixing scheme with passive filters 
4. Design of Relay based mixing scheme 
In this scheme the pulsed high power AC is transmitted to its load at the remote system through a Relay 
based mixing scheme, in which when the high power AC is not present, DC power and High speed data communication 
signal are present in the coaxial cable. Vacuum relay is the best choice for providing proper isolation during high 
power AC transmission.  Here the AC signal is sent to the coaxial cable using a relay at on-board system and taken 
out at remote system using the relay mechanism.   
Figure 4: Block diagram of the mixing scheme with relay based switching 
The bidirectional communication signal and DC voltage is transmitted from on-board system to the cable 
and received at the remote system of the cable is realized using passive filters.  The Block diagram of the mixing 
scheme with a relay based switching is shown in Figure 4. 
 
A high pass filter for filtering high speed data has simulated with a cut off frequency of 16 KHz.   For the 
filtering of high power AC signal, a high pass filter has simulated with a cut off frequency of 8 Hz.  The DC was 
filtered using a low pass filter with a cut off frequency 160 mHz. 
4.1. Simulation study using Matlab 
The circuit shown in the Figure 5 is for simulating the  transmission path .  For simulation of  the transmission 
path, the high power AC signal is fed to the single core coaxial cable. While transmisson of high power AC signal, at 
the remote system, the relay swtiched to high pass filter. The DC filter is  also active at this time.  So analysis has to 
be carried out while high power transmission.  Figure 6 shows the suimulation circuit of  high speed data reception.  
582   G. Manoj et al. /  Procedia Computer Science  93 ( 2016 )  578 – 584 
When the relay is in the receving mode, the high speed signal are available at the  onboard system of the cable and  
DC is avaiable at the remote system.  The DC at remote system energizes the relay and starts the high speed data 
transmission from remote system.   
 
Figure 5: simulation circuit for high power transmission path 
 
Figure 6: simulation circuit for the data and dc path 
4.2. Analysis of the Frequency spectrum  
The frequency spectrum at each of the filter output was computed using Matlab.  At the remote system, 
output of the low pass filter (DC filtering), the attenuation of high speed data is -51.9dB  
5. Measurement and analysis  
5.1. Passive Filter based mixing scheme 
The Figure 7 is the realized mixing scheme PCB’s without relay scheme.  This is tested with a high voltage 
of 250vdc, high power ac signal and bidirectional data.  From the FFT of the high power pulsed AC signal has a level 
of 15.6 dB and 10MHz data has level of -25.6dB in the high power path.  In the high frequency data path the level of 
high speed data is -8.75dB and the high power ac signal is -58.75dB. In the DC path the levels of ac signal and data 
signals are -58.75 dB and -30dB.  
 
The levels of the ac and data signals at the high power AC path at on-board system are 24dB and -20.6dB 
respectively.  Similarly at the data path the signal levels are -35dB and -15dB respectively.   The signal levels of the 
ac and data signals are -35.6dB and -23.7dB respectively. From the above results it is clear that the component of high 
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power ac signals (here 3 kHz) in data and DC path are very small. 
 
 
Figure 7: PCB’s of the on-board and mixing unit without relay 
5.2. Relay based mixing scheme 
Figure 8 shows the mixing scheme realized for the relay based switching scheme.  First and second picture 
is the on-board system mixing PCB and third picture is the remote system mixing PCB.  The inductors are designed 
using pot cores to achieve the inductance values.  Vacuum relays are used to realize the switching, as it can handle 
high power AC signals.  High voltage capacitors are used in the high voltage lines.   
 
The high speed data is sending from the remote unit to on-board system.  The voltages at the on-board and 
remote system, for the high speed data is 2V and 200mv respectively, which is shown in Figure 9 (A) and (B).  
            Figure 8: PCB's of the on-board and remote mixing unit 
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The voltage levels at the on-board and remote systems show the attenuation of cables.  The relays fully isolate 
the high power ac signal from the data path. Thus the components of high speed data while high power transmission 
is nil.   The signal level at the on-board system is -16.5dB. 
 
 
 
Conclusion 
The operation of remote systems connected to the onboard platform using a single coaxial cable can provide 
a cost effective solution in addition to operational flexibility. In this paper, it is shown that different types of signals 
required in a marine application, such as DC power, high speed data communication signal and Pulsed Ac transmission 
can be mixed to a long coaxial cable.  Two types of mixing schemes are discussed here. From the above study it is 
clear that by using passive filters we can mix and filter the signals which are available in the coaxial cable.  The above 
study can be used in power line communication where AC, DC and communication signals can coexist in the same 
transmission medium.  The mixing scheme with relay based switching is useful for a pulsed high power AC 
transmission. Relays are considered less reliable, whereas the use of passive filters makes the mixing more reliable 
but requires high voltage capacitors and high value inductors making the circuit bulkier and costlier. A measurement 
validates the simulation results with the hardware. 
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